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Abstract 
India is yet to gain experience in building and operating solar thermal power plants on the megawatt scale. Solar energy accounts 
for less than 1% of the total energy produced in India[1]. While photovoltaic power plants continue to dominate in India, the 
Concentrated Solar Power (CSP) market has yet to build, operate and maintain  its first large scale solar thermal power plant in 
India. The Jawaharlal Nehru National Solar Mission (JNNSM) was introduced in 2010. The aim of this mission is to create an 
enabling policy framework for the deployment of 20,000 MW of solar power by the year 2022[2]. In the first phase of the 
national solar mission, out of the 620 MW allocated by the federal government, 470 MW was allocated to solar thermal power 
and 150 MW to solar photovoltaic power [3]. The majority of these projects are located in the desert state of Rajasthan, the 
sunniest region in the country. In 2010, IIT Bombay, a premier education institution in Mumbai, decided to create a test facility 
which would help in gaining experience in design, operation and maintenance of large scale solar thermal power plants. This 
facility would also help in facilitating research development in the solar industry in India. This project was named ‘National 
Solar Thermal Power Testing, Simulation and Research Facility’. The objective of the project was to install an expected 
combined capacity of 5 MWth, supply it to the national grid and also to act as a facility for component testing [4]. The 5 MWth 
power was divided into two power plants of different technologies: Parabolic trough and linear Fresnel reflector technology. The 
3MWth parabolic trough solar field was built by Abengoa. Abengoa (MCE: ABG.B) applies innovative technology solutions for 
sustainability in the energy and environment sectors, generating electricity from renewable resources, converting biomass into 
biofuels and producing drinking water from sea water. (www.abengoa.com). The 3 MWth solar thermal parabolic trough field 
built by Abengoa, is the first parabolic trough power plant in India. The heat transfer fluid used is Therminol VP-1 which has an 
operating range of 12 - 400 degrees Celsius. The control system of the solar field is based on a hierarchical architecture of three 
levels. The plant is equipped with controllers to track the position of the sun on real time basis and optimize the energy 
absorption. The plant does not release any carbon dioxide into the atmosphere. The parabolic trough solar collector field has been 
supplied by Abengoa, and the power block and the Heat Transfer Fluid (HTF) system have been supplied by IIT Bombay. The 
solar field consists of three loops with parabolic troughs of a total of about 1,500 meters in length and covering an area of 8,000 
square meters. The solar field configuration of three loops of four collectors includes 12 steel structures of 10 modules, 3,360 
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solar reflectors, 360 receivers and 12 tracking devices. Other parts of the system include the HTF storage vessel with pumps, the 
in-line electrical heater and the expansion vessel. The project has not only shown India’s capability to build large scale solar 
thermal power plants, but it also has exposed key challenges facing the CSP industry, like the limited CSP experience in India 
and the huge capital cost premium. This project with its sets of vagaries and triumphs has been a maiden attempt to pave the way 
for understanding and institutionalising the CSP market in India. 
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1. Introduction 
Typically, in a CSP plant, the heat is transformed to mechanical energy through a steam turbine and then into 
electricity. Concentrated solar thermal power project development was very inhibited for a long period following an 
initial period of growth in the 1980’s [5]. Since 2005, CSP project activities have recommenced and gained 
considerable momentum. The CSP sector is widely forecast to continue to grow at very high rates. This advance has 
been mainly in Spain and now increasingly in the southwest of the USA, and is linked to feed-in tariffs and 
renewable portfolio obligations in these regions [5]. 
The Indian economy is growing rapidly and providing the electricity generation capacity to support this growth is 
a key challenge. Installed capacity is predicted to grow from 167 GWel in 2010 to 300 GWel by 2017. Solar Power is 
poised to play a big role in this. The main enabler for Photovoltaic (PV) and CSP projects is the Jawaharlal Nehru 
National Solar Mission, (JNNSM) which was launched by the Prime Minister, Manmohan Singh in January 2010. 
For a country embarking on growing its involvement with CSP, a first successful pilot plant with one of the 
technologies would definitely have enormous educational value and the added benefit of raising awareness about this 
technology. IIT Bombay led team is building a 1 MWel solar thermal power plant in Solar Energy Center, 
Gwalpahari, near Gurgaon. The research facility involves two technologies - parabolic trough and linear Fresnel 
reflector [4]. The project is led by the Indian Institute of Technology (IIT) Bombay, and Abengoa has done the 
engineering, procurement and construction of the parabolic trough solar collector field. 
2. Abengoa’s selection 
Since 2006, Abengoa has consolidated its international presence as a leader in concentrated solar power plant 
construction. Abengoa has earned the distinction of being a key player in this sector due to its pioneering projects 
throughout the world. At the time, when this pilot plant was in the bidding stage, Abengoa’s assets included the 
technological parabolic trough plants, Solnova 1, Solnova 3 and Solnova 4, all with a capacity of 50 MWel and a 
solar field of 360 collectors each, were being constructed. Apart from these plants in Spain, Abengoa was already 
building two solar thermal power plants with integrated solar combined technology in Morocco and Algeria, each 
having a capacity of 20 MWel. Having noticed the similarities in the congeniality of the Indian subcontinent for solar 
technologies, Abengoa worked with the Indian government to pave the way for CSP technology. Satisfied with the 
credentials of technological and project management capabilities of Abengoa, IIT Bombay chose to utilize the 
experience and know-how of Abengoa’s capabilities to plan and execute this pilot plant for demonstrating to the 
world, the capabilities of India to build such plants. 
3. Description of the parabolic trough solar collector field 
The parabolic trough solar collector field is a HTF heating system with parabolic trough collector assemblies 
arranged in a linear system. The solar field has three loops with a total length of 1,500 meters. A parabolic trough 
collector is a parabolic reflector with solar tracking axis, which reflects solar radiation onto an absorber tube located 
at the focal point of the parabola. This in turn, results in increase of the HTF temperature due to the transfer of 
thermal energy to sensible heat in the HTF fluid. The thermal circuit is provided with the expansion vessel, which 
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allows the thermal expansion of the fluid and the main HTF pumps, which allows the movement of HTF through the 
closed circuit. Other parts of the system include the HTF storage vessel with pumps and an in- line electrical heater. 
 
 
Fig. 1. Schematic of solar collector field system. 
The storage vessel has a capacity of 5 m³. HTF storage pumps are used for unloading HTF from the tanker to the 
storage vessel. HTF is circulated through the three loops using two (one working and one standby) main HTF 
pumps. Hot HTF at approximately 393°C is passed through the steam generator (in the scope of IIT Bombay), the 
HTF at the outlet of steam generator is approximately 231°C and this is fed in through the suction of the main HTF 
Pump. The change in volume of the HTF due to temperature is accommodated in the expansion vessel. The nitrogen 
system (in the scope of IIT Bombay) will supply nitrogen to maintain an inert atmosphere in the storage vessel and 
expansion vessel. An auxiliary heater is provided in a closed circuit to keep the HTF oil temperature above its 
freezing point in the event that the system is not operating. 
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4. Execution 
When the plant was offered to Abengoa, one of the challenges was to find the list of jobs to be sub-contracted, 
since this plant would be the first of its kind in India. One of the highest costs for a CSP power plant is the reflector 
mirrors and the receivers required for the plant. At the time of this project implementation, and even at the present 
time, reflector mirrors and receivers are not manufactured in India. As a result, the receiver mirrors were supplied 
(imported) by Rioglass from Spain and the receivers were supplied by Schott Solar from Germany. Another 
important part of the solar collector assembly (SCA), the hydraulic tracking drives were supplied by Weber-
Hydraulic from Germany. 
 
 
The table below shows the list of important jobs which were subcontracted. 
       Table 1. List of jobs subcontracted in the Collector field. 
Serial Number Job to be subcontracted Subcontracted to 
1 Solar collector assembly 
structure 
Shrijee Structures 
2 Receiver mirrors Rioglass 
3 Absorber tubes Schott Solar 
4 Tracking devices Weber Hydraulic 
5 Supply of HTF pumps ITT 
6 Variable frequency drives ABB 
7 PLC’s or Control system Telvent 
5. Experience with the mechanical erection 
One of the main components in a CSP power plant is the structure, called the solar collector assembly (SCA). 
The solar collector assemblies were made in Supa, Maharashtra. The final fabricated parts of the SCA were then 
sent to Gurgaon, where the plant is located. At Supa, checking the raw material, inspecting the fabrication of 
structure parts, and checking Material test certificates were the main activities. One must also ensure that the 
welders are highly trained and that weld quality is high, since a solar collector assembly prototype was never built in 
India. Checking for visual and dimensional tolerance of the final fabricated products was very important since the 
dimensional tolerance was very low, i.e. 1 mm. In the final stages of galvanizing testing and inspection, it was 
ensured that the final products were free from defects and imperfections such as flux, ash and dross. The first solar 
collector assembly prototype was inspected on February 10, 2011. 
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Fig. 2. Final inspection of the solar collector assembly module of the first prototype. 
After the final prototype was accepted, the production of solar collector assembly started on February 11, 2011 
where many activities were performed, including in-house inspection from the raw material to the finished product 
stage. 
 
 
Fig. 3. Production of F1 torque box frames. 
After the entire material for the solar collector assembly reached the site in Gurgaon, various activities like 
assembly of the torque box, assembly of cantilever arms on the torque box, the mirror bracket alignment, installation 
of mirrors on the torque box assembly and setting of the mirrors began. On completion of these activities, the next 
steps were to erect the modules on the middle pylons and finally align the solar collector assembly. The erection of 
the entire collector field was completed in the first half of July, 2011. 
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Fig. 4. Erection of a solar collector assembly module. 
6. The problems ahead and the roadmap 
The frames of the torque box, which are an integral part of the solar collector assembly, were galvanized in Bajaj 
Electricals Limited, as Shrijee Heavy Works Private limited, did not have a 12 meter long galvanizing pit. Hence the 
frames in black had to be sent to Bajaj for galvanizing. Then, the frames had to be unloaded and finished, as the 
galvanizing quality was very poor and then repacked to be sent to the site. Handling the frames too many times did 
result in cracks in some of the lower frames due to improper loading. The frames with cracks could not be used, so 
new frames were made without defects 
 
 
Fig. 5 Improper loading of the frames on the trailer. 
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For future projects, it is recommended that the galvanizing of the frames should be done in the same facility 
where all the other parts of the solar collector assembly are being galvanized. Handling should be minimal and the 
frames must be properly loaded onto the trailer. Also, due to the increase in the number of concentrated solar power 
plants coming up in India, the galvanizing facilities should be able to cater to the needs of this industry by building 
bigger galvanizing pits. 
7. The success story and the future ahead. 
Concentrated solar power will surely play a big role in renewable energy bulk production in the future, especially 
in growing economies like India. For this to happen, though, it will require greater economic support from the 
government and more research from educational institutions. These are the factors that most help explain the success 
of the parabolic trough solar collector field. The construction was started in April 2011, and was operational by 
October 2012. Much larger projects, in the range of 20 to 100 MW, are being started in India under the phase 1 of 
the national solar mission. This plant demonstrated that an internationally recognized forerunner like Abengoa can 
complete such a plant in India and has given the confidence to other players about the need and importance of 
building concentrated solar thermal power plants in India. This plant has shown that India has the infrastructure as 
well as the capability to build and operate CSP power plants. 
 
 
Fig. 6 Bird’s eye view after the plant was constructed. 
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